I. Introduction
Nanotechnology has high impact in creating new classes of materials with enhanced functionality and a wide range of applications. Polymer Nanocomposites belong to this class and form an exciting field of research. As they exhibit amazing combination of properties they find applications in EMI shielding, electronic devices, Microwave absorbers, sensors, rechargeable batteries etc; [1] . Conducting polymers are class of polymer that possess good tunable electrical conductivity. But they are chemically sensitive and have poor mechanical properti; on the other hand, nanomaterials exhibit good mechanical properties. Thus nanocomposites formed by blending conducting polymers with inorganic nanoparticles like oxides, possess all the good properties of both the constituents and hence enhanced utility thereof. The properties of nanocomposites of such kind are strongly dependent on concentration of polymer. The state of dispersion of nanoparticles in the polymeric matrix has often a large impact on the properties of polymers [2] . In polymer nanocomposites conductivity depends on various factors such as filler morphology, size, loading concentration, compactness and interfacial interaction. The dramatically larger chain-particle interface area in the case of nanocomposites makes effects appearing negligible in microcomposites very prominent in nanocomposites [2] [3] [4] Polypyrrole (Ppy) is one of the most attractive polymers due to its special transport properties, facile synthesis, higher conductivity and good environmental stability. Polypyrrole has the advantages real applications in batteries, electronic devices, optical switching devices, functional electrodes, sensors and so on. [5] . ]. Nano crystalline ferrites are materials of considerable interest due to their unique dielectric, magnetic and optical properties. Copper zinc iron oxide nano particles (copper zinc nano ferrites) are used in sensors-LPG sensing. [6] Copper zinc iron oxide nano particles of size <100nm are selected for our investigation.
In this paper we report AC conductivity and Dielectric properties of PPy/CuZnFe 2 O 4 nanocomposites of different compositions.
Preparation of Pellets:
The pure polypyrrole and PPy/CuZnFe 2 O 4 nanocomposites are pressed in the form of pellets of diameter 10mm and thickness 1 to 3 mm, using hydraulic press by applying 10-12 tons of pressure. The pellets of the synthesized composites are coated with silver paste on either side of the surfaces to obtain better contacts for conductivity measurements [8] .
AC Conductivity Measurements
An analysis of ac conductivity and dielectric properties of PPy nanocomposites has been carried out using impedance spectroscopy on application of a small a.c. signal across the sample (pellet) which is sandwiched between two stainless steel electrodes under spring pressure. Complex impedance parameters (i.e., capacitance, dissipation factor, impedance, Resistance and phase angles parameters) were measured with a computer-controlled impedance analyzer ((Wayn kerr 6500B) in the frequency range from 100Hz -5MHz at different temperatures [9] . Using these parameters conductivity, dielectric constant and dielectric loss of the nanocomposites have been calculated. The Conductivity ( ) , dielectric constant ( ε') and dielectric loss (є′′ ) are calculated by using the relations, = where 'R' is the resistance measured from LCR meter and 't' is the thickness ε' = ∈ 0 where ' , is the capacitance measured from LCR meter and 't' is the thickness of pellet. And ∈ 0 is the absolute permittivity =8.85 x 10 -12 F/m 'a' is the area of the sample = πr 2 . є′′ = ε' tanδ
III. Results and Discussion

Dielectric Properties:
The conductivity behaviour of conducting polymer can be understood from dielectric analysis. The dielectric properties have been analyzed in terms of temperature, frequency and compositions, This analysis measures two fundamental electrical characteristic of materials: (1) the capacitive (insulating) nature, which represents its ability to store the electric charges and (2) The conductive nature, which represents its ability to transfer electronic charge. Through this analysis, the dielectric constant ε′ and dielectric loss ε′′ of a material can be determined. Fig.1 . shows the variation of dielectric constant of nanocomposites with frequency at room temperature. It is observed from the figure that Nanocomposites with composition 40% show highest dielectric constant compare to the remaining composites, and ε' decreases with increase in frequency for all the nanocomposites which is the typical behaviour of dielectrics, At low frequency dipoles follow the field and we have ε'= ε s , This results in a high value of dielectric constant. On the other hand, at high frequencies, dipoles begin to lag behind the field, periodic reversal of the electric field occurs so fast that there is no excess ion diffusion in the direction of the field and hence leading to the observed decrease in dielectric constant [10] [11] . Fig.2a, 2b , 2c, 2d, 2e and 2f represents Frequency dependence of dielectric constant at different temperatures for nanocomposites with 10, 20, 30, 40, 50 Wt.% and Pure PPy respectively.
Dielectric Constant
The dielectric constant has a maxima at 300Hz for nanocomposites of 10wt.% at 303K. For 20wt.% composites at higher temperature the peaks are observed at 700Hz and 200Hz. The dielectric constant is constants at the other temperatures, for nanocomposites of 30% the peak is observed at 200Hz, a peak is observed at 1000Hz for 40wt.% at 100k, a small peak is also seen at 200Hz at 303K, for 50% no peaks are seen, DOI: 10.9790/4861-0805028390 www.iosrjournals.org 85 | Page but the dielectric constant is maximum at 100K, The variation is almost same as PPy , except that dielectric constant is large at 423K for PPy.
The dielectric constant increases with temperature for all nanocomposites except for nanocomposites of 10 wt%. The increase in dielectric constant may be attributed to electric field which is accompanied by the frequencies. Such field will cause some ordering or orientation in samples, the molecular dipoles cannot orient themselves at low temperature, when the temperature is increased the dipole orientation is facilitated and dielectric constant increases. The strong frequency dispersion of permittivity is observed in the low frequency region followed by a nearly frequency independent behaviour above 10 KHz .The peak in the graph can be attributed to strong relaxation contribution leading to high dielectric constants and therefore electronic and ionic polarizablity [12] .The negative dielectric constant observed at some frequencies for some wt.percentage is due DOI: 10.9790/4861-0805028390 www.iosrjournals.org 86 | Page to its reduced plasma frequency and an induction effect. The magnitude of the negative dielectric constant and the resonance frequency are tunable by dopant type and doping composition.
Dielectric Loss:
Fig .3 . shows variation of dielectric loss with frequency which exhibits a dielectric loss peaks in the frequency range 300-100Hz. The inset graph shows the variation of PPy. It is obvious from the fig. that dielectric loss also follows the same trend as dielectric constant. The decrease in dielectric loss є′′ with frequency can be attributed to the fact that, at low frequencies, the value of є′′ is due to the free charge motion within the materials. At moderate frequencies є′′ is due to contribution of ion jumps, conduction loss of ion migration and ion's polarization loss, At high frequencies, the vibration of ions may be the only source of loss and hence dielectric loss has minimum value [13] . On addition of nanoparticles increase in the lower frequency region reflect the enhancement of mobility of charge carrier, with rise in frequency in low frequency region DOI: 10.9790/4861-0805028390 www.iosrjournals.org 87 | Page followed by a peak in the loss spectra. The loss peak is shifting towards lower frequency side on addition of nanoparticles. Dielectric loss peaks are observed at 300Hz for 10 and 30% nanocomposites and at 200Hz for 40% nanocomposites, As the material approaches a relaxation point dielectric loss factor and hence the conductivity increases, this corresponds to drop in dielectric constant. The material is becoming less of energy store and more of energy dissipater, which is related to polarisation characteristics of the material with applied frequency. The relaxation time is calculated by using relation = -6 s to 3.97 x10 -4 s. It is clear that the relaxation time decreases with increase of temperature and this may be due to the increase in grain size than the grain boundary [14] .
Tanδ (Tangent Loss)
Fig .5 shows the variation of tangent loss(tanδ) with frequency for nanocomposites of different compositions at room temperatures. The loss spectra characterized by peak appearing at a characteristic frequency for all nanocomposites suggest the presence of relaxing dipoles in all the samples. The strength and frequency of relaxation depend on characteristic property of dipolar relaxation.
The tangent loss peaks shift towards the lower frequency side, on addition nanomaterial it is believed that there is an increase in the crystalline content in the materials. It is evidenced by the peak shifting towards
Ac Conductivity and Dielectric Studies of Polypyrrole Copper Zinc Iron Oxide Nanocomposites
DOI: 10.9790/4861-0805028390 www.iosrjournals.org 88 | Page lower frequency side, thereby increasing the relaxation time. But with increase in temperature loss peaks are shifted towards higher frequency indicating decrease in relaxation time The Dielectric constant (ε'), dielectric loss (є′′ ), and tanδ for 1KHz,10KHz,100KHz and 1MHz at, 303K and 373 K are compared in Table 1 and Table 2 respectively.. Table 1 . Dielectric parameters of nanocomposites at 303K 
Ac Conductivity
The behaviour of AC conductivity has been studied in the temperature range from room temperature 303K to 473K. Fig.6 shows the variation of conductivity with frequency from 100Hz -5MHz for all nanocomposites. Fig.7 shows the variation of conductivity with frequency from 100Hz to 5MHz for nanocomposites of 50wt.%. The AC conductivity is almost constant from 100Hz -1MHz beyond this frequency it decreases, the highest conductivity is observed at 373K. The same behaviour of conductivity was observed for other studied nanocomposites, except for 10% which do not show any variation at higher temperature . As shown in Fig, two trends appeared, the first one is frequency independent conductivity which is due to dominating DC conductivity component, where the conductivity is contributed by free charges available in the composite system ,and another trend in which conductivity is frequency dependent where AC conductivity decreases due to trapping of charge carrier hop or due to blocking of conduction path by insulating CuZnFe 2 O 4 nanoparticles. The increase in AC conductivity with temperature observed at 373K may be attributed to increase in hopping rate [15] . 
IV. Conclusions
The AC conductivity parameters -dielectric constant , dielectric loss and tanδ were measured by using impedance analyzer. The values of the dielectric constant and dielectric loss were found to decrease with frequency and increase with temperature. The dielectric loss peaks are observed at lower frequency side at room temperature but shifted towards higher frequency side at higher temperature indicating decrease in relaxation time, The relaxation time was found to be in the range 10 -6 to 10 -4 s. The AC conductivity was found to be almost independent of frequency upto 1MHz, beyond this frequency decrease in conductivity was observed. The highest conductivity was observed at 373K for all nanocomposites. The significant increase in dielectric constant makes them a potential candidate for dielectrics in capacitors. In the area of passive components, high dielectric materials are finding increased application in capacitors for decoupling, timing, filtering, and many other functions. Passive components, including capacitors, usually out-number active components in rapidly growing applications such as cell phones, global positioning systems, receivers, and other wireless devices. Due to the negative dielectric constant they can be used in metamaterials and NIMs which are used in unique optical and microwave applications,
